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Almtract--Specific eatures of space and time symmetry following from the uniformity of time and 
uniformity and isotropy of space are used for finding eometric images possessing their symmetry. Space 
is ascribed the symmetry ofa scalar, an axial vector, time, the symmetry ofa pseudoscalar and a polar 
vector. The possibility of the representation of the reality as existing in two types of systems---those f 
space and time---is discussed. 
In the first system it is the rectilinear motion which is taken to be inertial and in second system it is 
the rotational motion. Real physical phenomena of our (space) reality meet he requirements of both 
operations---time reversal R (t ~-  t) and time inversion T which corresponds to the spacial inversion, 
I = c. The phenomena occurring in the time system eet he requirements of the operation i version of 
space P = I = c. In the space system, space has only one sign (the expanding universe) and time has two 
signs. In the time system the situation is reverse---time has one sign and space has two signs. 
1. INTRODUCTION 
One of the specific features of Shubnikov's antisymmetry [1] is that it may be interpreted as a 
generalization of conventional point symmetry which takes into account ime reversal R ( t - -* -  t). 
Such a generalization is known, in particular, as magnetic symmetry [2]. It is of interest that 
Shubnikov himself did not relate his ideas on time symmetry to antisymmetry, and developed the 
concept on dissymmetric time having no sign [3]. 
As will be seen from the further consideration, the specific features related to time symmetry can 
be taken into account for all the physical phenomena in the most effective way by invoking the 
concept of complete symmetry [4]. The ideas on space and time symmetries are based on uniformity 
of time and uniformity and isotropy of space. Using the geometric images of various quantities, 
whose conservation is associated with their uniformity and isotropy, it is possible to find quantities 
such that they would reflect symmetries of space and time. For conservating quantities these are, 
first and foremost, images modelling scalars and vectors. 
2. SYMMETRY OF SCALAR AND VECTORS 
In conventional symmetry, a scalar is described by the symmetry group of a sphere with 
symmetry planes being denoted as oo/~/mmm. The geometric image of a pseudoscalar is a sphere 
without symmetry planes, 0o/oo2. Geometrically, a polar vector may be represented by a cone 
(group oomm) and an axial vector by a rotating cylinder (group oo/m). These images are some 
of the limiting symmetry group introduced by Curie for finite figures. 
Symmetry transformations of scalars and vectors are rotations (including those through 
infinitesimal angles, symmetry axes oo) and reflection (in planes normal to axes oo), the latter being 
denoted by symbol m written immediately after the solidus, and reflection in planes passing along 
axes and denoted also by symbol m but written either after "perpendicular planes" or immediately 
after axes o0. These operations transform the indicated images into themselves. The images 
representing concrete physical phenomena may change their direction, the sign of enentiomorphism 
(being transformed from left-hand images into the right-hand ones), etc. Some operations of the 
conventional symmetry can also perform some of the above transformations. Thus the operation 
of center of inversion, T = c, "flips" a polar vector and changes the sign of enantiomorphism of 
a pseudoscalar. The complete symmetry (where not only pseudoscalar quantities but also scalar 
quantities of different signs may be compared) has a complex operation of anticenter of inversion, 
_I = c, which changes the signs of the above quantities.% This operation "flips" an axial vector and 
tOperation -i-= c performs at first inversion at a point (i) and then changes the "sign" of a "quality" possessed by 
the image (if the image possesses the qualities inherent in both sign--scalar and pseudoscalar sign--then it changes 
them both). 
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Fig. 1. The characters of irreducible r presentations a d basis invariants of the inversion group PT-4. 
"recolors" (changes the sign) a scalar. The multiplication of operations ]- and _l results in operation 
1 of antiidentity which can directly change signs. Operations 1 (identity), l ,  1 and l_- form group 
PT-4, the fourth order inversion group. The characters of the irreducible representations of this 
group and their geometric basis invariants are presented in Fig. 1. It is seen that for a pseudoscalar 
and polar vector operation ~_ is a symmetry operation (as, in turn, for a scalar and an axial vector 
such an operation is operation 1). In complete symmetry, the following symbol are used to denote 
the symmetry groups of a scalar oo/oo/mmm, of a pseudoscalar oo/oommm, of a polar vector (a 
dipole formed by one positive and one negative scalars) oo/mmm, and of an axial vector (a dipole 
formed by one right-hand and one left-hand pseudoscalars) oo/mmm (where m is a symmetry 
anti-plane transforming by reflecting left-hand objects into left-hand ones and black objects into 
white ones. 
3. THE KINETIC COEFFIC IENT SYMMETRY PRINCIPLE 
(THE ONSAGER PRINCIPLE)  
According to the Onsager principle [5] two quantities changing their signs upon time reversal 
(two "velocities") and two quantities not changing their signs (two "forces") may be related via 
a second-rank symmetric tensor, a U = aji. If only one of the two quantities is a "force" while the 
other is a "velocity", they are related by a second-rank antisymmetric tensor, a U = -a j i . t  Being 
applied to second-rank polar tensors, the first condition leads to the relationships 
P, = auQ j (1) 
+ ++ 
R 
- -  .3L - -  
Hi = ao.S j (2) 
+ ++ 
R 
where P and Q are polar vectors and H and S axial ones. It is characteristic that in these 
relationships the symmetric part of the polar tensor (a scalar, in the particular case) does not change 
the sign upon operation R. Only when this condition is satisfied, the right- and left-hand sides of 
the equations will have the same signs upon operation R, [ ( - )  = (+) ( - ) ] ,  etc. and will describe 
real physical phenomena. 
The second Onsager condition for polar tensor results in the following vector products:~: 
R 
P = [HQ] 
- -  - - . . [ -  (+ 
(3) 
tAddifional conditions associated with the presence ofexternal magnetic fields and rotations are not discussed here. 
SThe antisymmetric part of the polar tensor (% = -aji ) is dual with respect to the axial vector. 
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H = [R'S]  (4) 
.~-  -+  R + __  
where R' is an axial vector. 
For second-rank axial tensors~" relating polar and axial vectors the first Onsager condition results 
in the vector product [6]:1: 
P = [QH] (5) 
~ - +-  R + ++ 
and the second Onsager condition in the relationship 
P, = AgI-Ij (6) 
~ - -+  R + __  
(A• is the symmetric second-rank axial tensor, a pseudoscalar, in the particular case). As is seen, 
the first Onsager condition in the case of axial tensors leads to the vector product and not 
relationship of type (1) [the end vectors in equation (5) behave in the same way respect to operation 
R, therefore one could expect that equation (5) would be analogous to equation (1)]. This is 
explained by the fact that the application of the second Onsager condition written for axial tensors 
to expressions of type (5) does not contradict he equation 
P = [QH] (7) 
R - -+  
This is inconsistent with the first Onsager condition according to which polar vectors P and Q (if 
they behave in the same way upon operation R) have to be related via the symmetric and not 
antisymmetric part of the tensor [see type (1)]. The validity of the sign rule for operation R in 
equation (5) follows from the fact that equations (5) and (3) describe the same phenomenon and 
differ only by the position of the vectors. The Onsager principle being applied to second-rank axial 
tensors, leads to the following important requirement imposed onto its symmetric part: it should 
change the sign upon operation R [see equation (6)]. 
Thus, in the simplest case the relationship between vectors and scalars results in only five 
relationships (1)-(4) and (6) which describe real physical phenomena satisfying the operation of 
time reversal, R. 
4. GEOMETRICAL  IMAGE REFLECT ING SYMMETRY OF  
SPACE AND TIME 
The quantities which are conserved upon transformations and reflect he symmetry of time and 
space are described by scalars (energy), polar and axial vectors (moment and moment of 
momentum), respectively. From the conservation of energy upon the change of the zero time it 
follows that time transformations do not affect scalars. Therefore we may think that the symmetry 
of a scalar corresponds to that of the space but not time, at least in the kinematical approximation. 
In turn, the inertia of a linear motion (Newton's first law) and the conservation ofmomentum upon 
transformations of space lead to a conclusion that the polar-vector orientation may be changed 
only upon transformations of time and not of space, which means that polar vetor correctly reflects 
the symmetry of time (a "time arrow"). 
The above obtained information on the symmetry of space and time may be used for 
interpretation ofrelationships satisfying the Onsager principle [(1)-(4) and (6)]. But one should bear 
in mind that these equations contain also the quantities (axial vectors and pseudoscalars) the 
tAs is known, for transformation of the reference system resulting in the change of the sign~ of enantiomorphism the 
formulae for axial-tensor components (in distinction from those for polar-vector components) use the minus sign 
(A;= -C~Cj, A~,). 
:l:The antisymmetric part of the second-rank axial tensor (A# = - Aj~) is dual with respect o the polar vector. 
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symmetry of which has not been compared to the symmetry of space and time. We may compare 
them if we take into account hat the essence of operation R and the operation flipping a polar 
time vector, 1, means that they have to be mutually related. In what follows, the operation ]- = c 
will be denoted by symbol T and called time inversion. 
A distinctive feature of the above considered relation is that all the relationship satisfying 
operation R satisfy operation T as well. More than that, only the simplest relationships (1)-(7) 
satisfy operation R; there is one-to-one correspondence b tween relationships satisfying operation 
R and operation T. Leaving aside the specific nature of the relation between operation R and T, 
we should like to note here that of all the quantities whose symmetry has not been related to that 
of space and time, a pseudoscalar has no center of inversion 1 = c and an axial vector has no 
anticenter of inversion i = c (Fig. 1). Below, the latter operation will be denoted by symbol P and 
called the operation of space--sign change. The above lead to an assumption that, in terms of 
symmetry, space may be represented not only as a scalar but also as an axial vector, while time 
may be represented not only as a polar vector but also a pseudoscalar. 
We may consider the reality as that having two different forms of existence. The first one will 
be called the space system and the second the time system. Such systems are compatible and are 
mutually complementary. They are mutually complementary since in the space system it is the 
rectilinear motion which is inertial, whereas in the time system it is rotation with a constant angular 
velocity which is inertial (having no acceleration), whereas the rectilinear motion is always 
characterized by some acceleration. Both systems are compatible since the space in both systems 
is centrosymmetric and time in anticentrosymmetric. 
The real phenomena taking place in our (space) system must satisfy the requirements imposed 
by operation T (and also operation R) whereas those occurring in the time system should meet 
the requirements of operation P. It may readily be seen that the requirements imposed by the 
operations T and P are conflicting. In the space system, space has only one sign (the expanding 
universe) and time inversion change neither the sign of the scalar space nor that the axial-vector 
space. But both pseudoscalar nd polar-vector time may have both signs in the space system. 
In the time system the situation is reverse--time has only one sign whereas pace may have both 
signs. 
All real physical phenomena occurring in the space system meet the requirements of operation 
T. We can directly convince ourselves of this by considering relationships (1), (3) and (6) 
P~ = auQ j (1') 
T - +-  
(P)  + - + 
P = [QH] (3') 
T - +-  
(P)  + -+ 
P, = A j - / j  (6')  
T - - - t -  
(P )  + +- .  
As has been noted, relationships (1)-(7) do not meet the requirements of operation P, which 
therefore is placed in parentheses. Analogous relations of time system meet the requirements of 
the operation P only. 
The vector quantities may be invoked not only for considering the symmetry of space and time, 
but also for considering velocities and accelerations. A polar vector in the spatial system is the 
velocity of a uniform motion. In the time system, an axial vector is the velocity of rotational motion 
(without acceleration). The accelerated linear motion is also depicted by a polar vector. This vector 
retains its direction upon operation R (this acceleration quadratically depends on time), whereas 
operation T(1) changes its sign. This makes operations R and T different: operation R ( t -~-  t) 
changes the sign of those polar vectors which linearly depend on time, whereas operation T changes 
the sign of all the polar vectors. This in particular, explains the requirement imposed by the Onsager 
principle according to which an axial vector in type (3) relationships should change its sign, since 
otherwise the demands of operation R are not satisfied [for in terms of time reversal only one polar 
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F ig .  2. Geometrical images representing the symmetry of space and time and their behavior upon 
operations R, T and P. Dimensionalities: (1) T, time, a polar vector; (2) L-i T, inverse velocity, a polar 
vector; L "space"; (3) L- t, "space", a scalar; (4) L 2 T-~, an axial vector; (5) L-~, "space", an axial vector; 
(6) LT -~, velocity, an axial vector; (7) T, time, a pseudoscalar; (8) LT -2, a polar vector. 
vector ("velocity") changes the sign in equation (3)], and the right-hand and left-hand sides in 
equation (3) will have different signs. 
The above difficulty, i.e. ambiguous interpretation of the behavior of polar vectors of 
acceleration under the action of operations R and T may be overcome if we take into account that 
the acceleration of the linear motion, in accordance with its physical essence, should change the 
direction with the change of the direction of time flow. Indeed the accelerated "backward motion" 
turns into a decelerated one, the vector of deceleration being opposite to that of acceleration. This 
means that the vector of the accelerated linear motion should change its sign of time "starts flowing 
in the reverse direction". The latter concept is thus equivalent to time inversion and contradicts 
the concept of "time reversal", i.e. operation R, in this case. 
A similar situation takes place for a quantity describing the moment of momentum which is 
described by an axial vector and, despite its quadratic dependence on space, it changes the sign 
upon operation P(1). 
Figure 2 illustrates the action of operations R, T and P on the simplest scalar and vector 
quantities. Using this figure, it is possible to represent the simplest relationships (1)-(4) and (6) 
as the combinations ("interaction") of scalar and vector quantities. They all meet he requirements 
imposed by operations R and T and have the same dimensionalities n the right- and left-hand sides. 
Thus "multiplying" Figs 2(5) and 2(4), we obtain a quantity shown in Fig. 2(6) see equation (4). 
Multiplication of Figs 2(1) and 2(8) results in the quantity in Fig. 1(6). This corresponds to 
relationships (3) and (3') etc. It is essential that no other "real" or "unreal" relations (satisfying 
the rule of dimensionalities) could be obtained using Fig. 2. 
Time reversal is often illustrated by a "motion" in the reverse direction occurring along the old 
trajectories". Analytically, this corresponds tothe replacement of t by - t in the relationships which 
describe real phenomena. At the same time, there are no physical grounds to identify the "change 
in the direction of time flow to the reverse one" (time inversion) with the backward motion along 
the old trajectories. In particular, if the time inversion [Fig. 2(1)] takes place for phenomena 
described by relationships (3'), the "force" [acceleration, Fig. 2(8)] changes its direction to the 
reverse one, the direction of the axial vector being the same; thus the motion cannot proceed along 
the old trajectory. The specific character of the effect produced by operation T is obvious from 
the physical standpoint and gives no rise to any confusion. Anyhow, such a motion is not more 
peculiar than the above mentioned property associated with the action of operation R on the 
phenomena described by type (1) relationships when the "change in the direction of motion to the 
reverse one along the old trajectory" leaves the direction of acceleration unchanged. 
Thus the above stated permits us to create the geometric mages of space and time and realize 
what is common to operations R and T and where lies the difference between them. From the above 
consideration of operation T it follows that the real phenomena (at least in the kinematical 
approximation) for space reality are only those phenomena for which the result of the interaction 
between time and space is uniquely by their behavior upon the action of operation T(I). This 
demand can be met because our space is centrosymmetric, it has only one "scalar" sign, and does 
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not allow the transformation T ffi c. The geometric images which describe time, allow the 
"configurations" of both enantiomorphism signs while the images which describes spaces are 
centrosymmetric and always consist of equal number of "left" and "right" parts. 
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